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Preface 


Let’s start this journey off with some mathematics first and then I'll 
explain why I’m writing this book. 


The radius of the earth is 6 371 km. I'll use a space for every three 
digits in large numbers, which is the standard as some cultures use a 
comma where as others use a period for the decimal point. Yes, | know 
that the earth is not a perfect sphere, but we are doing back of the 
envelope calculations here. 


This radius gives the surface area of the earth as 


A=4nr? 
= 4x 3.14159 x (6.371 x 107km)? (1) 
=5.10x 108 km? 


Only twenty-five per cent of the surface is land. 


Atand = 0.25 xA 
= 0.25x 5.10 x 108 km? (2) 
= 1.275 x 108 km? 


Research on the internet shows that getting agreement from different 
sources is difficult, so I’ll take the case that an oak tree that is 10 meters 
tall covers an area of 65 square meters and has 200 000 leaves. Now 
we know that the human race has clear cut trees, we have deserts, 
roads, farms, cities and lots of parking lots that have eliminated places 
for trees. But, let’s assume we have only trees everywhere and this will 
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give us a pretty good estimate of what the maximum number of leaves 
could be. 


Ntrees = Aland/Atree < Nieaves 
= 1.275 x 108 km2/65 x m? x 2.0 x 10°leaves 
= 1.275 x 10° km?/(65 x 10~-®km?) x 2.0 x 10°leaves 
= 3.92 x 101’leaves 


Again, this result is on the high side of the actual number of leaves on 
the planet. 


Going back to the internet and looking at the number of transistors in 
microprocessors on Wikipedia shows that the total number manufac- 
tured is 1.3 x 1022 MOSFETs. | am guessing that by adding the number 
of smart phones this number is more than doubled. 


The purpose of the exercise was to show that there are more transistors 
than there are leaves on the planet. 


It is because of this and also being hunkered down for the ’020 Pan- 
demic that | decided to make use of a large number of transistors in my 
lab. | thought | would do a number of projects that | have been saving 
and wanting to do and at the same time write up the experiments to 
possibly generate interest for others. 


| will be using the Muppet board construction for my projects. | like 
being neat. | will generate the PDF files for my layouts and have them 
available for those that want to save time. This book will show you 
everything (at least try as best | can) that you need and how | get 
through the projects. You can use any building technique you want and 
we can compare notes. Do keep a notebook as you build these projects 
and show your friends and enemies and drive them all crazy. 


Here’s hoping that you build along with me. Reading about it is not the 
same as doing it. Errors may exist and | need you to find them. I'll 
add a chapter at the end giving names of individuals that prove that 
have done the work. This will be the builders hall of fame for this book. 
Get to work and send me digital photos to put along with your name. 
Feel free to send them at the end of each project as we can see your 
progress. 


Chapter 1 


Test and Support Equipment 


Test and support equipment here means anything that helps in testing 
and the use of transistor ciruits shown in this book. In order to develop 
any knowledge of useful circuits, we need data from measurements and 
simulations to insure that we are learning how circuits operate and give 
us data that will allow us to gain the most benefit in optimization and 
use. There will be some circuits constructed that will not be put to use 
in daily operation but only to aid in learning more about the physics 
and electronic behaviour of components and sub-circuits to be used in 
more complex sections. 


This chapter will list lab and test equipment that | will be using and 
experimenting with throughout this book. Starting with power sources, 
component test and measurement equipment, signal generators, wave- 
form and frequency generation and measurement, standards for cali- 
bration and others as | come to them and can photograph and write 
about their construction and hopefully their proper usage in the lab. 
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1.1 Battery Power Supplies 


For ease of powering up small circuits and doing experiments | will start 
out using a small LiPo battery as shown in the following photo. 


Poweri er 


11.1V 4250mAh 
Li-ion Polymer Battery Pack 
Caution: 
Must use Powerizer smart Li-ion battery charger. 
We are not responsible for an 
damages caused by misuse. 
This battery must be 
recycle & dispose properly. 
PL-5467100-3SWR 


20100619 





Figure 1.1: 4557. 


| have three of these and | bought them for $10 each at a local swap- 
meet in the Phoenix area. | had to add the 3.5mm DC barrel connector 
for use with small LW and 5W rigs from Kits and Parts. These are handy 


for field work also. 


They come with built in short circuit protection and charging circuits 
for safety. | also use some gel cell batteries and will have a section on 


them also. 
For charging | use a lab supply and use a PCB enclosure with voltage 
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and monitoring meters. Helps to be paranoid about monitoring the 
charging process for safety. | often use a pyrex dish to put the battery 
in also to protect the work surface should anything go wrong. | NEVER 
leave the lab when the charging is taking place. Never. 


200 309 
| / 


DC mA 
CURRENT 


RadioShack 
= “ 





Figure 1.2: Voltage and current meters. 


|! am using a Radio Shack analog current meter that | got in a closeout 
sale for $5 USD and a Chinese digital voltmeter purchased off Ebay for 
a few bucks years ago. 
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Figure 1.3: Charging setup for LiPo supply. 


Shown in the above photo is the charging setup (sans pyrex dish for the 
photo). | am using a Gophert CPS-3205 switching lab supply obtained 
from Ebay for about sixty bucks from China. | like it because it gener- 
ates no RF interference. If you do get one, be sure to order a 100W 10 
ohm resistor to calibrate it. Search YouTube for the procedure or find a 
user manual. If | find mine, I’ll add it to the manual and datasheets at 
the end of this book. Remember that this is work in progress and | have 
to see if | still have stuff or if | have to go and get it again during this 
writing. 
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Figure 1.4: Charge readings for the previous setup. 


Here | want you to compare the current reading on the Radio Shack 
current meter us the digital reading on the Gophert P/S on the previous 
page. | calibrate everthing in the lab as much as possible to prevent 
conflicting values. Not always possible, but | try my best. | could add a 
switch to add or remove a lower value resistor across the R/S meter to 
allow larger current values for high speed charging, but just have not 
gotten around to it. 


You'll note, since the LED voltmeter is reading less than the output 
voltage of the power supply, there is a voltage drop across the Radio 
Shack current meter. 
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1.2 GM328 Transistor Checker 
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Figure 1.5: GM328 Transistor Checker. 


Above is a photo of model GM328 transistor checker from China. De- 
pending upon how good you are at searches on Ebay, | find the cheap- 
est price at around $13 USD for the kit and higher for the assembled 
version. 


One of the things about this kit is that it is from a project done by 
German engineers at htpps://mikrocontroller.net/. Look at their AVR 
projects and for the title transistor checker. You can find the source 
code and here is the schematic to how you how simple the critter is. 
You could even build one yourself from scratch, but personally, my time 
is much more valuable than that. And you may have a problem finding 
the correct display. IMHO. 
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Figure 1.6: 


GM328 schematic diagram. 
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Figure 1.7: GM328 Transistor Checker. 


Above is the checker in use for an NPN transistor. We'll explain the pa- 
rameters in the basic transistor parameters chapter coming up shortly. 
Important here is that the center lead of the transistor is in 2 position 
as shown just above the zero insertion force (ZIF) socket. The display 
also shows which of the three pins is the base, emitter and collector 
leads of the transistor. This will be important in later measurements 
and assembly of circuits. Not all transistors with the same part number 
use the same pin out between different manufactures. 
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Figure 1.8: Storage container with 2N2222 transistors. 


| bought several types of storage containers from the Dollar Tree store 
for this book. Above is one such containers with a few hundred 2N2222 
transistors on the right hand side. More than enough for all the projects 
in this book requiring NPN type transistors. 


On the left hand side is a small vector board. This was used to insert in- 
diviual transistors into three adjacent holes in a row, push the transistor 
down (carefully) until the body is just a few millimeters from the board 
and then bend the outer leads until they are parallel with the center 
pen. This makes the leads 2.54mm apart for alignment for PCB pads on 
circuit boards. 


You can also use vector boards with pads, as shown, for assembly of 
projects. But this requires more soldering for connecting wires or using 
component leads for assembly. It’s your choice. Vector boards can be 
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purchased in different sizes to match the project complexity. 


Chapter 2 


The MUPPET Show 


After years of building, experimenting and writing about Manhattan and 
PCB construction techniques, | have came up with the term MUPPET 
board. MUPPET standing for the words Manhattan, Ugly and Precise 
Placement Experimental Technique. You can think of the following as 
allowing you to use all of the building techniques together as a hybrid 
and could even add SMT (surface mount technology) into the mix. 


| use printed circuit board material as the basis for the building of a 
circuit. But unlike making a regular printed circuit board that has to be 
drilled with a large number of holes to place components, the MUPPET 
board allows you to place and solder components upon the top of the 
board without having to drill large numbers of holes. So in that respect 
it is like Manhattan construction, but without the tedious task of placing 
pads using super glue to hold them down. It is like ugly construction in 
that components are soldered to the copper layer, but if | think ahead 
enough | can save a lot of wires from one part of the board to another 
by doing traces, i.e. lines of copper material that form a flat wire from 
point A to point B. 


But what is handy about the MUPPET board is that you form the pad 
area from the copper layer and create traces for signal and power paths 
to other parts of the circuit. You can leave a number of areas of the PCB 
plain (unetched) for room to construct modifications or additions at a 
later time. Think of this additional area as an area to ‘tinker’ in. 


You can choose to be creative with either Manhattan or Ugly construc- 
tion in these areas to improve or modify a project. Then you can do 
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a new board layout using all that you have learned for a final polished 
project, if you so desire. Or not, if you are the only person on the planet 
that will ever see the insides. And you don’t even have to put a lot 
of projects in enclosures, especially for small test equipment or a build 
that tests a section of a larger circuit. 


The way a MUPPET board works is that | can precisely place components 
and solder them to pads or areas using the leads of each component. | 
do not have to place Manhattan pads using super glue and wait for the 
glue to cure. If you work it out, a great deal of time is invested in doing 
pads for the Manhattan style of construction. And even for the drilling 
of a large number of holes for a regular PCB layout with the copper foil 
below the board and the components on the top side of the PCB. 


You have to plan ahead on any layout, no matter what technique. You 
will paint yourself into a corner if you don’t. | use ExpressPCB software 
to do the board layout. | do not do schematic capture, so this is just 
using experience to guide me in my layouts. Comes from doing so 
many Manhattan Projects over the years. 


Let me demo the technique for you. The first muppet project“™ will be 
a simple board. This is a just a test board for you to do and check out 
the procedure. You have to walk before you can run. 


Here is a list of the items that | use. You may substitute where you 
see fit. This is not a do it just my way technique. You may think of 
something that | have not. Let me list them and then give details where 
needed. 


e PCB material 

e Steel Wool #0000 or 3M Heavy Duty Stripping Pads 

e Software for board layout and a computer to run it on 
e A Laser Printer 

e Hammermill Laser Gloss Paper 

e Laminator or Common Clothes Iron 

e Small plastic clamp for hot PCB material 


e Hydrogen Peroxide (2%) 
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e Muriatic Acid (14.5% HCl) 

e Pyrex dish 

e Plastic 1/4 cup for measuring the etching fluids 
e Clear enamel spray paint 


e and all the components that make up the project. 


2.1 Printed Circuit Board Material 


| use printed circuit board material that | get on the Internet from Ebay. 
The vendors name is abcfab. Here is a link to his online store on ebay. 


abcfab Store 


| like to go for the board by the pound sales, but if you are just starting 
out, then go for the FR-4 material, flame-retardant, and | like the 0.060” 
thickness and single sided, if you can find it in stock and like the pricing. 
Also, if you are going to do PCB enclosures for projects, at the same 
time get a supply of larger double sided (DS) PCB material. This makes 
great enclosures, as | will Show you in another chapter devoted entirely 
to making enclosures. 


If you don’t like the above supplier (he does have a 100 per cent rating), 
then find a supplier for the PCB material and get what you think you can 
use. If you already have a supply, then all the more better. 


2.2 Steel Wool or 3M Heavy Duty Stripping 
Pads 


These two items | find in the Home Department of Wal*Mart. Both are 
about the same price. | think 1am going to prefer the 3M stripping pads 
for a reason that | will demonstrate in a photo to follow in this section 
and a discussion in the enclosure chapter. 


The steel wool also does a nice job. 
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Figure 2.1: 3M Heavy Duty Stripping Pads. 


2.2. STEEL WOOL OR 3M HEAVY DUTY STRIPPING PADS 
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Figure 2.2: Fine Steel Wool. 
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What we need either or both of the items for is for cleaning the PCB be- 
fore we do anything with it. The board material has oxidized as copper 
is a metal that easily tranishes and oxidizes. Also, some board material 
may have been handled with bare hands and finger prints and oils will 
tarnish the surface badly. 


Just take the board you are going to work with and lightly rub it until 
you get a nice clean surface. | then wash with tap water and rapidly dry 
it before it reacts with the crud in the water. Water out of the warm tap 
will work better than the cold. Not because of temperature but because 
the warm tap water is purer than the cold water. Trust me on this. 


Here are photos of three boards, the same size and from the same 
batch received from an order with 





Figure 2.3: Unmodified Board. 
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Figure 2.4: Board Cleaned with 3M Pad. 
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Figure 2.5: Board Cleaned with Steel Wool. 
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Figure 2.6: Cleaned Boards Side by Side. 


As you can see above, the 0000 steel wool does a smooth job. |ama 
fan of the 3M pads and | think that a famous online builder, AA7EE, used 
a course material for removing tarnish from his boards before coating 
with clear enamel spray paint. 


AA7EE’s Handiwork on PCB Material 


Another thing about the rougher surface. In the toner transfer method 
we are going to melt the toner and ‘fuse’ it to the PCB surface to protect 
it against the etching fluid. Which surface do you think the toner will 
stick to more tightly than the other? My guess is the plowed corn field 
material. | will sacrifice both boards to scientifically determine which is 
better. Bill Nye is very jealous of this experiment. He did not do it first. 
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Two things about this cleaning procedure. The first being that you get 
a clean substrate that will be easier to etch and also easier to use the 
toner transfer technique, see the second section after this one, to mask 
off the areas we do not want to remove from the FR-4 material. 


| do my cleaning in the garage on the old trusty and sometimes dusty 
workbench. | use a sheet of newspaper to do the cleaning on as it 
creates fine copper dust that | do not want in any electronic gear and if 
you use steel wool then it leaves steel fibers all over the place. You can 
fold up the newspaper afterwards and put it in the trash and you have 
a clean area. Neatness counts in this business or you are going to pay 
for not getting organized by destroying a project. 
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2.3 Copper Foil Layout 


This first demo will show how we lay out a the foil pattern to be used 
in a construction project. Let’s do a simple board. This board will have 
a number of straightline traces of varying width to show just how fine 
(narrow) traces can be made on a PCB. 


Also a couple of pads to put a 1/4W resistor on and demonstrate how | 
make the leads match. 


Use what ever program you want to layout a simple pattern shown in 
the next image. | use Sprint Layout 6.0 from Germany. 


Sprint Layout 6.0 URL 


| run the program under wine using Linux. The demo in this chapter is 
an old version using ExpressPCB. | quit using it as it is too difficult for 
people to flip PDF images without me getting involved. Sprint Layout 
has the option to mirror the image for toner transfer. 


Make, using your program of choice, the following pattern. | did mine 
on the top layer of the board. | also made a ground plane filled area 
with 0.030" spacing between the plane and the traces and pads. Use 
0.10" square pads at the end of the traces. | also have text showing the 
width of the line for the single trace between two pads. Make this to fit 
a board size you have. Mine is 4"x4" for this test. 


30 
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Figure 2.7: ExpressPCB Test Board Layout. 
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2.4 Printing PCB Layout 


Now that you have a board laid out in software, it is time to convert it 
to a hardcopy. Now you have to put on your thinking cap. If you print 
out the top layer to a laser printer, you will look at it and you can read 
the text and 99.99 percent of todays printers will do a 1:1 ratio on the 
print and it will be the right size. 


But you do not want to print the layout just now. You have to have one 
of two things. A printer with an option to mirror or reflect the image 
about the vertical, so that it is reversed. 


Or, if you are running something like ExpressPCB using wine under 
Linux, then all you have to do is setup a PDF printer. Google on how to 
do that. 


sudo apt-get install cups-pdf 
for debian based linux systems. 


Then when you do a print from the menu option in ExpressPCB, select to 
print the top layer only and send it to the PDF printer. It will generate a 
file named PDF.pdf or ExpressPCB.pdf. You have to have LaTeX installed 
under Linux with the latex-options package that contains a program 
called pdfflip that will reverse the image and create a file named PDF- 
flipped.pdf or ExpressPCB-flipped.pdf. Now send the flipped file to the 
real physical printer and you will get the image that you need to do the 
toner transfer. 


| use Hammermill Color Laser Gloss paper with the printer. This paper 
is heavy weight and it is silky shiny smooth. The laser printer heats 
the toner and ‘fuses’ it to the paper surface. We will be reheating the 
toner, while it is contact with the copper layer of the PCB material to 
get a Oreo type sandwich made up of papertonercopper. A photo of 
the paper is shown a few pages further into this document. 


Here is the PDF output from ExpressPCB flipped. This is what we will 
use to laminate to the PCB material. The file that | point to in the next 
section will print so that the board is four inches square. 
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Figure 2.8: Test Board Layout for Printing. Not to scale. 
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2.5 Laminator to Transfer Toner to PCB 


Now you have a piece of paper with the layout on it. You have two 
ways to transfer the toner to the PCB copper layer. Iron it on or use a 
laminator. If you are so strapped for cash that you can not or will not 
purchase a laminator to tranfer the toner to the PCB then you are on 
your own. Google for iron on toner transfer and get the instructions. 
I’ve done it and | would not recommend it now. | get 100 per cent 
success with the laminator. Much cleaner and faster. IMHO. 


| use a GBC BadgeMates laminator that | bought on sale at one of the 
big box office suppliers. It has been a while and | think it was Staples. 


Here is a picture. If you have the capability, here is a video that | did to 
show it in use. 


K7QO Use of Laminator Video Snippet 


The laminator quit making the funny little noise after the video. I’m 
really not worried about it and | think it is going to outlast me. | will let 
you know when it fails, if ever. 


Following the steps in the video, | have now transfered the test pattern 
to both the boards, soaked in water and removed the paper. You do not 
have to be retentive about the removal of the paper. Just make sure the 
bare areas of the board are clean. There is some chemical in the paper 
that dissolves in the water and | just like to make sure that it does not 
interfere with the areas to be etched. 


2.6 Your First Board 


I’d like for you to try the following board. It requires a 4"x4" piece of 
single sided material. It took me less than 10 minutes to etch it with a 
board that has 1 oz copper density on it. I’ll put the PDF file at: 


PDF of test board. 


Download it and print it on Hammermill Color Laser Gloss paper and 
iron or laminate it to a clean board. Here is a photo of the paper that | 
use. People search far and wide and | have done the same and | think 
this is the best paper for the job at hand. It has a smooth surface and 
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it removes well with soaking in water for about 10-15 minutes. 
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Figure 2.9: Hammermill Color Laser Gloss Paper. 


2.6. YOUR FIRST BOARD 35 


Then you CAREFULLY mix two parts hydrogen peroxide (I use two 1/4 
cups into a pyrex 750ml rectangular dish from Wal*Mart) and THEN put 
in a single 1/4 cup of muriatic acid. Be very careful with this chemical. 
Remember your chemistry class where they taught you to put the other 
chemicals in first and the acid goes LAST every time. Here is a photo of 
the pyrex dish, measuring cup and spoon that | use. 





Figure 2.10: Pyrex Dish, Measuring Cup and Spoon. 
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GENTLY stir with a plastic spoon for a few seconds to mix things up. Do 
this in the garage or outdoors or in a well ventillated place with the air 
moving away from you. Do not breath the fumes at all. Keep away from 
your body and your eyes, ears and mouth. 


Then put the board into the mixture with the toner side up. You should 
see the copper turn dark almost immediately. That is the oxygen com- 
bining with the copper to oxidize it. Now just gently keep moving the 
liquid around with the plastic spoon. Do not try anything fancy and 
make a mess or cause serious injury. Just take your time. You may 
also note a bunch of bubble coming from the small amount of paper 
remaining attached to the toner. 


It takes me about 6-10 minutes of gently stirring the liquid over the 
board without touching the toner at all. After the board has etched, 
then remove the board with rubber gloves on and clean with warm tap 
water. 


Dry the board with a paper towel and set aside for a moment. Come 
back and put almost a 1/4 cup of baking soda into the mixture to neu- 
tralize it. Flush this. Flush twice to really dilute the stuff. 


| take the board and then using the fine steel wool and a lot of elbow 
grease | remove the toner from the copper layer. Try not to damage the 
copper, but do get it clean 


Then wash and dry and then | put a very very thin layer of clear enamel 
on the board and let it air dry for a few hours. This is the tough part. | 
know you want to get to melting solder almost immediately. 


Here is what your finished board should look like. Take lots of pictures 
and send them to your relatives to show how smart you are to be able 
to make electronic boards. 
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Figure 2.11 


: K7QO MUPPET 000 Board. 
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2.7 Test Soldering to PCB 


| want you to see how soldering to a muppet board works. 


|! use a Weller 25W soldering iron, just like the ones you will find in the 
tools department of Home Depot. Costs about $20. | have an old Ungar 
tip on mine, but the stock one will work just as well. | have built over 
200 kits with this same iron and the tip. Too bad that Ungar does not 
make the tip any longer. I’d buy a dozen, not that | need a spare. 


First. Using the iron and some solder, tin each of the square pads at the 
end of each of the straight traces. Don’t use much. Just a thin layer will 
do. | use solder that has two per cent silver. It comes out the shiniest 
for me. | recommend a thin solder for better control. 


Here is what | got for my board. Take a DMM and measure the resistance 
of each trace. Write this down in your lab notebook that you should be 
keeping. The resistance will depend upon the thickness of the copper 
layer and the width. You want the math? You should get a small value 
for each trace. If you get an infinite resistance, then the trace has a 
break in it. Use a large magnification spy glass to search for the defect 
if you encounter one. It’s not critical here, but it will be the demise of a 
project if it occurs later. Analyze what went wrong to cause the break, 
if and when it occurs. 


After EVERY board that | etch, and this is why | use single sided board, 
| put it up to the light and | carefully examine every square mm of the 
board for defects. It is much easier to find problems now than later. 
Been there. Done that. Just have fun doing this. It is not a race. You 
may wind up taking days to find a simple error when the projects get 
bigger. 
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Figure 2.12: K7QO MUPPET 000 Board with soldered pads. 
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Here is board with just some of the pads at the end of the straight line 
traces soldered. You pre-tin the pads to solder components to or wires 
to during construction of a project. Just a itsy bitsy teeny weeny bit of 
solder is all it takes. Solder is so expensive now, that | know | don’t 
have to convince you to use a little and not a lot. This is not an aircraft 
carrier we are building. 


Now, with your DMM set in the lower range of resistance measurement, 
measure the resistance of each of the straight line traces at the end 
pads. If you get an infinite value on the 0.010" trace, then you have to 
find and correct some step in the process to eliminate the error(s). The 
resistance in my probe leads was greater than that of any of the traces 
and | estimate about 0.1 ohms for the traces. 


2.8 Resistor Placement on Muppet Board 


I’Il show you how to mount a resistor and the steps that | use. You can 
easily determine how to do other parts. There are some parts, like the 
SBL-1 and relays, that are going to be a royal pain to figure out. It’s not 
all easy, that’s what makes it fun. If it was easy, everybody would be 
doing it. 


Get a scrap piece of vector board or make a fixture out of a piece of 
scrap PCB material that is 0.060" thick. | use the board edge to bend 
the lead to form a hair pin like structure. 
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Figure 2.13: Vector Board and Resistor. 


Above we see a section of what we call vector board. It has 0.10" 
spaced holes. And, since | laid out the practice boards with pads spaced 
at 0.20", we can preform component leads to fit. 


| went to the parts draw and found an envelope with 100 4.73K ohm 
resistors that | got at some place in some galaxy some time ago. | know 
of no reason to have 4.73K as we usually use 4.7K in most circuits. So 
let’s sacrifice this puppy for the good of mankind. And I’ll show you that 
it’s not really a sacrifice, as | have not lost the part and can reuse it if 
need be. 
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Figure 2.14: Bent Leads on a Resistor. 


Here is what the part looks like after we bend its little legs. | just hold 
the part flat against the top of the board with the top of the resistor 
aligned the with the top row of holes adjacent to the edge (the top 
edge in this photo and not the raggedy edge on the left) and then bend 
over the top. You can get every resistor bent to the same dimensions 
every time. I’m OCD with ADD. | like perfect but not for very long. | 
just like the looks and it isn’t that much trouble to bend them using the 
fixture. 
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Figure 2.15: Preform resistor leads for PCB mounting. 


Now, insert the resistor into the two holes that are the same distance 
apart as the pads where you want to place it. Here | am using the 0.20" 
spacing that is the same spacing | set the first two practice pads to the 
right of the IC pads. WHILE you have the resistor in the holes and bent, 
use your diagonal cutters to cut the two leads on the other side of the 
board flush with the board. This forms two ‘feet’ that will soldered to 
the pad. Gives you some length to form a good physical structure to 
hold the part in place and give a low resistance path for signals and 
currents to pass through. 


This may take some practice to get a feel for just what pressures to use, 
etc. 
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Figure 2.16: Resistor in place with one lead soldered. 


Now, tin the two ’feet’ of the resistor (lightly) and ONE and only one of 
the two pads. Just a smidge of solder will do. You should get something 
like you see above. | tin only one of the pads so that the second leg will 
be flush with the pad before | apply solder. 
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Figure 2.17: Resistor soldered in place. 


Above is the final result. Let me also note. You can have the feet of the 
resistor closer to the inside edges to allow one or more other feet from 
other parts to also be soldered to the same pad. This you will need to 
do for more complex circuits. I’ll show you two approaches to this in 
the next chapter on how to do a crystal oscillator. 
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Figure 2.18: Resistor desoldered from its location. 


Above you see that | have unsoldered the resistor from the two pads. | 
have not harmed the resistor nor have | ruined the PCB. You can easily 
replace a part with one of another value if you think the circuit, after 
testing, needs some other value. You can keep the old part for later 
use. just gotta figure out where and how to store them for later. 
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Figure 2.19: Resistor soldered into closer pads. 


Using the same resistor. | go back and using the vector board | then 
form the leads closer together. This then allows me to solder the resis- 
tor to the two pads that are closer together. This is practice later when 
you want to make more densely populated boards for more complex 
circuits. You do not want the real estate to wind up the size of some 
Texas counties. 
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Figure 2.20: Resistor soldered to two pads. One at ground potential. 


| tinned the ground pad first, which | do with ‘thermal relief pads’ in 
ExpressPCB. | do thermal relief pads for two reasons. One, to remind 
me that the pad is there and to double check for matched sets of pads 
before etching and during the board layout process. Second, to allow 
me to pre tin the pad and not have to heat up the entire board and take 
a lot of time in soldering. This, if you experiment with it, you will find to 
be a great help. IMHO. 


And here is the MOST IMPORTANT thing that | can teach you here. Put 
the short lead of any component to the ground pad. That pad is at 
ground potential and you would have no reason to ever measure a volt- 
age at that pad. By putting the lead that is not at ground potential on 
top, you can easily get a DMM or PF probe tip to it to measure a voltage 
or probe with a scope for a signal during a power on condition. Or to 
check for a short to ground WITH THE PROJECT POWERED OFF. 
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Also, plan ahead to do make things easier to measure in board layouts 
to make debugging and test measurements easier. 
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Figure 2.21: Weller iron with Ungar tip. 


Here is an old old Weller SP-23 with the Ungar tip. Been using this thing 
forever. Money saved on a soldering station more than paid for one or 


more kits. 


2.8. RESISTOR PLACEMENT ON MUPPET BOARD 51 


WN ee | 
\ 


\\ 


\ 





Figure 2.22: Solder iron stand. 


| found this soldering iron stand (originally from Radio Shack) at a swap 
meet for the measely price of one buck. | like it as it doesn’t cool down 
the iron and makes it handy to pick up. 
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Figure 2.23: Wash cloth. 


And this will piss off a lot of guys as a bad idea. | keep my iron clean by 
just a swipe across this cloth rag. It does two things for me. It does NOT 
cool down the iron as with damp sponge critters and it does a good job 
of getting crud off the tip. Your mileage may vary. Cheap solution to an 
old problem. 
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Something | forgot to mention, but now is a good time. Did you wonder, 
when you saw my vector board fixture for bending leads, why did Chuck 
leave one side of the board cut at an angle and ragged? Here is why. 
Two pictures worth 2,000 words. 





Figure 2.24: Edge bending of resistor leads. 
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Figure 2.25: Resistor soldered into place with leads outwards. 
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OK. Enough of the newbie lessons for today. Let’s now get on to some 
real building and experimenting that will result in some useful stuff for 
the workbench and shack (if separate). 


2.9 Soldering IC Sockets and IC components 


For IC components, like NE602A mixers and LM386 audio amplifiers, | 
like to use sockets. It is just my personal favorite just in case | want 
to abandon the project or need a part for some other device from time 
to time. | have not had one fail on me, even after years of use in a 
transceiver. And, | have not had troubles with connections between the 
socket and the IC. Some people complain from time to time on the Web 
and | wonder what they did to get the problems. 


On the practice muppet board | purposely made an 8-pin set of traces 
to solder a socket to and demostrate the technique that | use. 


| first use solder and the soldering iron to pre-tin the socket pins that | 
have bent out from the bottom of the plastic that makes up the socket. 
Here is a photo of what it looks like. Note that | have pre-tinned pin 
number one on the board. | always do pin number one first to help 
remind me which way the socket is to be orientated when | go to start 
soldering it to the board. | have an OCD and an ADD problem. | like to 
be perfect, but not for long. 
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Figure 2.26: Pre—-tinned leads outwards from the socket. 
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Then | carefully center the socket over the traces and heat the leg and 
the pad to place the socket. | double check to insure that all the leads 
are centered on all the traces. 


| then solder the opposite leg to its corresponding trace and then double 
check that all the remaining legs of the socket are centered on their 
traces. Double check to make sure the socket is oriented with the half- 
moon adjacent to the number one pin on the PCB correctly to remind 
you the direction and orientation of the IC chip when you insert it into 
the socket during later assembly. They do not like to be powered up 
backwards. It could destroy a part in not time at all. 


Here is photo of the two pins soldered and you'll note that in this ex- 
ample that the solder joint on pin number one isn’t quite right, but it 
did hold the pin down. Which is all that is important at this stage of the 
game. 





Figure 2.27: Socket with two pins soldered into place. 
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Now, go ahead and solder the remaining pins and double check and 
touch up any connections that don’t look just right. Use the solder in 
small amounts here. After assembly there should never be any extreme 
forces ever applied after the IC is inserted. This device is not going to 
the Moon or to Mars. | don’t think. 





Figure 2.28: Socket with all pins soldered into place. 
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That’s all there is to do to do a nice job. BTW, | bought 500 of the 8-pin 
sockets from a China source online for five American bucks, including 
free shipping, so there are very very cheap. Work well and will allow 
me to replace parts easily. 


I’m thinking that later, | will build a test fixture for some ICs that use 
these sockets and allow me to exchange parts easily and quickly. Time 
will tell. 
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Datasheets 
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2N2222A 


Small Signal Switching 
Transistor 


NPN Silicon 
Features 


@ MIL—PRF-19500/255 Qualified 
e@ Available as JAN, JANTX, and JANTXV 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic Symbol Value Unit 








THERMAL CHARACTERISTICS 


[Ghats = Sym | wa | Un | 


Thermal Resistance, Junction to Ambient 
Thermal Resistance, Junction to Case 


Stresses exceeding those listed in the Maximum Ratings table may damage the 
device. If any of these limits are exceeded, device functionality should not be 
assumed, damage may occur and reliability may be affected. 
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COLLECTOR 


3 
2 
BASE 
1 


EMITTER 


Us 


TO-18 
CASE 206AA 
STYLE 1 


ORDERING INFORMATION 


[paver [Package | shiping | 


JAN2N2222A 


JANTX2N2222A TO-18 Bulk 
JANTXV2N2222A 





Publication Order Number: 
2N2222A/D 


2N2222A 


ELECTRICAL CHARACTERISTICS (Ty, = 25°C unless otherwise noted) 











Characteristic Symbol Min Max Unit 
OFF CHARACTERISTICS 
Collector—Emitter Breakdown Voltage V(BR)CEO 50 - Vdc 
(I¢ = 10 mAdc) 
Collector-Base Cutoff Current IcBo 
(Vcp = 75 Vdc) - 10 uAdc 
(Vcp = 60 Vdc) - 10 nAdc 


Emitter-Base Cutoff Current 
(Vep = 6.0 Vdc) 
(Vep = 4.0 Vdc) 


Collector—-Emitter Cutoff Current 
(VcE = 50 Vdc) 


ON CHARACTERISTICS (Note 1) 


DC Current Gain 

(Io = 0.1 mAdec, Vog = 10 Vdc) 
(Io = 1.0 mAdc, Vog = 10 Vdc) 
( 
( 





Ic = 10 mAdc, Vor = 10 Vdc) 
Ic = 150 mAdc, Vce = 10 Vdc) 
(Io = 500 mAde, VoE = 10 Vdc) 


Collector—Emitter Saturation Voltage 
(Io = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


Base -Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


SMALL- SIGNAL CHARACTERISTICS 


Magnitude of Small-Signal Current Gain 
(Io = 20 mAde, Vcg = 20 Vde, f = 100 MHz) 


Small-Signal Current Gain 
(Ilo = 1.0 mAdc, Voce = 10 Vde, f = 1 kHz 


) 
Input Capacitance 
(Vep = 0.5 Vde, Io = 0, 100 kHz < f < 1.0 MHz) 


Output Capacitance Cobo 
(Vcp = 10 Vde, Ie = 0,100 KHz < f < 1.0 MHz ) cad 














SWITCHING (SATURATED) CHARACTERISTICS 


Turn—On Time = 
(Reference Figure in MIL-PRF-19500/255 








. “ ton 
-PRF- ) 
Turn—Off Time toft - 
(Reference Figure in MIL-PRF-19500/255) 


Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product 
performance may not be indicated by the Electrical Characteristics if operated under different conditions. 
1. Pulse Test: Pulse Width = 300 us, Duty Cycle < 2.0%. 
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Figure 1. DC Current Gain 
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Figure 3. Collector—-Emitter Saturation Voltage 
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Figure 2. Base—Emitter Saturation Voltage 
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Figure 6. Input Capacitance 











Copo, INPUT CAPACITANCE (pF) 


2N2222A 


350 











(MHz 
o 
oO 
( aa | 








ie) 
a 
oO 











ye) 
[o) 
Oo 
































2 


























4 6 8 10 12 14 16 
Vgc, BASE-COLLECTOR VOLTAGE (V) 


Figure 7. Output Capacitance 
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Figure 8. Current Gain Bandwidth Product 
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2N2222A 


PACKAGE DIMENSIONS 













































































TO-18 3 
CASE 206AA 
ISSUE A 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ASME Y14.5M, 1994. 










































































DETAIL 2. CONTROLLING DIMENSION: INCHES. 
3. DIMENSION J MEASURED FROM DIAMETER A TO EDGE. 
4. LEAD TRUE POSITION TO BE DETERMINED AT THE GUAGE 
PLANE DEFINED BY DIMENSION R. 
Y 5. DIMENSION F APPLIES BETWEEN DIMENSION P AND L. 
6. DIMENSION D APPLIES BETWEEN DIMENSION L AND K. 
y: { y 7. BODY CONTOUR OPTIONAL WITHIN ZONE DEFINED BY DIMEN- 
Ay SEATING Y SIONS A, B, AND T. 
R PEANE MILLIMETERS | INCHES 
pim| MIN | MAX | MIN | MAX 
E A | 531 | 584 | 0.209 | 0.230 
T B | 452 | 4.95 | 0.178 | 0.195 
v c | 432 | 533 | 0.170 | 0.210 
NOTE p | o41 | 053 | 0.016 | 0.021 
= |i eee sapteaitie DETAIL X en 
F | 041 | 0.48 | 0.016 | 0.019 
0.007 (0.18MM) | A| B©| C @ H | 091 | 1.17 | 0.036 | 0.046 
J |_o7t | 1.22 | 0.028 | 0.048 
K | 12.70 | 19.05 | 0.500 | 0.750 
ON | 635 | --- | 0.250 [| --- 
H- M 45°BSC 45 °BSC 
N | 254 BSC 0.100 BSC 
4 | P - 1.27 0.050 
R 1.37 BSC 0.054 BSC 
M WV J T | --- | 076 0.030 
whee --- boi b --- 
LEAD IDENTIFICATION STYLE I: 
Cc DETAIL PIN(. EMITTER 
2. BASE 
3. COLLECTOR 
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DISCRETE SEMICONDUCTORS 


DATA Slhllelel 


2N2222; 2N2222A 
NPN switching transistors 





Product specification 1997 May 29 
Supersedes data of September 1994 
File under Discrete Semiconductors, SC04 
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Philips Semiconductors 


Product specification 





NPN switching transistors 


2N2222; 2N2222A 





FEATURES 
e High current (max. 800 mA) 
e Low voltage (max. 40 V). 


APPLICATIONS 


e Linear amplification and switching. 
DESCRIPTION 


NPN switching transistor in a TO-18 metal package. 
PNP complement: 2N2907A. 


QUICK REFERENCE DATA 














PINNING 
PIN DESCRIPTION 
1 emitter 
2 base 
3 collector, connected to case 








C= © 


MAM264 { 


Fig.1 Simplified outline (TO-18) and symbol. 



































SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 
Vcso collector-base voltage open emitter 
2N2222 
2N2222A 
VcEO collector-emitter voltage open base 
2N2222 
2N2222A 
Ic collector current (DC) 
Prot total power dissipation Tamb < 25 °C 
1a transition frequency Io = 20 mA; Vcr = 20 V; f = 100 MHz 
2N2222 250 - MHz 
2N2222A 300 - MHz 
lott turn-off time Icon = 150 MA; IBon = 15 MA; IBos = -15 MA - 250 ns 
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Philips Semiconductors 


NPN switching transistors 


LIMITING VALUES 


In accordance with the Absolute Maximum Rating System (IEC 134). 


Product specification 


2N2222; 2N2222A 





















































SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 
VcoBo collector-base voltage open emitter 
2N2222 - 60 Vv 
2N2222A - 75 V 
VcEO collector-emitter voltage open base 
2N2222 - 30 Vv 
2N2222A - 40 Vv 
VEBOo emitter-base voltage open collector 
2N2222 - 5 Vv 
2N2222A - 6 Vv 
Io collector current (DC) - 800 mA 
cu = [800 [ma 
IBm peak base current - 200 mA 
Prot total power dissipation Tamb < 25 °C - 500 mw 
Tease < 25 °C - 1.2 WwW 
Tstg storage temperature -65 +150 °C 
Tj junction temperature - 200 °C 
= 5 [+150 [0 
THERMAL CHARACTERISTICS 
SYMBOL PARAMETER CONDITIONS VALUE UNIT 
Rithj-a thermal resistance from junction to ambient | in free air 350 K/W 
Rihj-c thermal resistance from junction to case 146 K/W 

















1997 May 29 


Philips Semiconductors Product specification 








NPN switching transistors 2N2222; 2N2222A 
CHARACTERISTICS 
Tj = 25 °C unless otherwise specified. 
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT 
IcBo collector cut-off current 
2N2222 le = 0; Vog = 50 V - 10 nA 
le = 0; Vop = 50 V; Tamb = 150 °C [- {10 WA 
IcBo collector cut-off current 


2N2222A 


Ic = 0; Vop = 60 V - 10 nA 





le = 0; Vop = 60 V; Tamb = 150 °C - 10 HA 
Io = 0; Veg =3V = 10 nA 
Io = 0.1 MA; Voce = 10 V ~ 


Ilco=1 MA; VcE= 10 V Ema 


Ic = 10 mA; VceE = 10 V 





IEBo emitter cut-off current 
Nee DC current gain 











Ic = 150 mA; Vce = 1 V; note 1 





Io = 150 mA; Vog = 10 V; note 1 



































Nee DC current gain Io = 10 MA; Voce = 10 V; Tamb = —55 °C 
2N2222A 
Nee DC current gain Ic = 500 mA; Vce = 10 V; note 1 
2N2222 
2N2222A 
VoEsat collector-emitter saturation voltage 
2N2222 Io = 150 mA; ue = 15 mA; note 1 mV 
Vv 
VoEsat collector-emitter saturation voltage 
2N2222A Ic = 150 mA; Ip = 15 mA; note 1 mV 
Ic = 500 mA; Ip = 50 mA; note 1 Vv 
VeEsat base-emitter saturation voltage 
2N2222 Ic = 150 mA; Ip = 15 mA; note 1 V 
Ic = 500 mA; Ip = 50 mA; note 1 . V 
VeEsat base-emitter saturation voltage 
2N2222A Ic = 150 mA; Ip = 15 mA; note 1 : Vv 
Ic = 500 mA; Ip = 50 mA; note 1 V 
Cy collector capacitance le =ig = 0; Vog = 10 V; f= 1 MHz pF 
Cy emitter capacitance Io =ic = 0; Veg = 500 mV; f = 1 MHz 
2N2222A pF 
ft transition frequency Ic = 20 mA; Vcr = 20 V; f = 100 MHz 
2N2222 MHz 
2N2222A MHz 
F noise figure Io = 200 WA; Voce = 5 V; Rg = 2 kKQ; 
ON22220A f=1 kHz; B = 200 Hz _ 4 dB 
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NPN switching transistors 2N2222; 2N2222A 
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT 
Switching times (between 10% and 90% levels); see Fig.2 
tot turn-on time Icon = 150 MA; IBon = 15 MA; IBof = -15 MA ns 
ty delay time ns 
t, rise time ns 
toft turn-off time - 250 ns 
ts storage time - 200 ns 
ty fall time - 60 ns 











Note 
1. Pulse test: tp < 300 us; 5 < 0.02. 
































VeB. Voc 
fe} 
Rp Rc 
b V robe 
oscilloscope aprobe) 0 e ) oscilloscope 
<= 4502 4502 _ . 
° Re 
Vio —L_} DUT 
R1 
V7. W, MLB826 








Vi = 9.5 V; T = 500 us; tp = 10 us; ty = te <3 ns. 
R1 = 68 Q; R2 = 325 Q; Rp = 325 Q; Ro = 160 Q. 
Vep =—3.5 V; Voc = 29.5 V. 

Oscilloscope input impedance Z; = 50 Q. 


Fig.2 Test circuit for switching times. 





1997 May 29 5 








Philips Semiconductors Product specification 


NPN switching transistors 2N2222; 2N2222A 


PACKAGE OUTLINE 


Metal-can cylindrical single-ended package; 3 leads S$OT18/13 


|~—— seating plane 
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NPN switching transistors 2N2222; 2N2222A 
DEFINITIONS 
Data sheet status 
Objective specification This data sheet contains target or goal specifications for product development. 
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later. 
Product specification This data sheet contains final product specifications. 








Limiting values 

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or 
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation 
of the device at these or at any other conditions above those given in the Characteristics sections of the specification 
is not implied. Exposure to limiting values for extended periods may affect device reliability. 





Application information 








Where application information is given, it is advisory and does not form part of the specification. 


LIFE SUPPORT APPLICATIONS 


These products are not designed for use in life support appliances, devices, or systems where malfunction of these 
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for 
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such 
improper use or sale. 
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Features 
e@ These are Pb-Free Devices* http://onsemi.com 
COLLECTOR 
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
Characteristic 2 

Collector - Emitter Voltage BASE 
Collector - Base Voltage 
Emitter-Base Voltage ; sae 





Collector Current — Continuous 





Total Device Dissipation @ Ta = 25°C 
Derate above 25°C : 
Total Device Dissipation @ To = 25°C : TO-92 
Derate above 25°C CASE 29 

STYLE 17 
Operating and Storage Junction 
Temperature Range j 

to 2 
3 3 





THERMAL CHARACTERISTICS 
Characteristic STRAIGHT LEAD BENT LEAD 
BULK PACK TAPE & REEL 
Thermal Resistance, Junction to Ambient AMMO PACK 














Thermal Resistance, Junction to Case 


Stresses exceeding Maximum Ratings may damage the device. Maximum MARKING DIAGRAM 


Ratings are stress ratings only. Functional operation above the Recommended 
Operating Conditions is not implied. Extended exposure to stresses above the 
Recommended Operating Conditions may affect device reliability. 





A = Assembly Location 
Y = Year 

WW) = Work Week 

. = Pb-Free Package 


(Note: Microdot may be in either location) 


ORDERING INFORMATION 
TO-92 5000 Units/Bulk 
(Pb-Free) 





TO-92 | 2000/Tape & Ammo 
(Pb-Free) 


tFor information on tape and reel specifications, 


*For additional information on our Pb-Free strategy and soldering details, please including part orientation and tape sizes, please 
download the ON Semiconductor Soldering and Mounting Techniques refer to our Tape and Reel Packaging Specification 
Reference Manual, SOLDERRM/D. Brochure, BRD8011/D. 
© Semiconductor Components Industries, LLC, 2013 1 Publication Order Number: 
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P2N2222A 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 





























Characteristic Symbol Min Max Unit 

OFF CHARACTERISTICS 

Collector - Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 10 mAdc, Ip = 0) 40 - 

Collector -Base Breakdown Voltage V(BR)CBO 75 Vde 
(I¢ = 10 wAde, Ie = 0) - 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pAdc, Ic = 0) 6.0 - 

Collector Cutoff Current IcEx nAdc 
(VceE = 60 Vde, Vegotf = 3.0 Vdc) - 10 

Collector Cutoff Current IcBo uAdc 
(Vcp = 60 Vdc, Ie = 0) - 0.01 
(Vcp = 60 Vdc, Ie = 0, Ta = 150°C) - 10 

Emitter Cutoff Current lEBo 10 nAdc 
(Vep = 3.0 Vdc, Ic = 0) = 

Collector Cutoff Current IcEO nAdc 
(Vce = 10 V) - 10 

Base Cutoff Current IBEx nAdc 
(Vce = 60 Vde, Vegotf = 3.0 Vdc) - 20 





ON CHARACTERISTICS 


DC Current Gain 

(I¢ = 0.1 mAdc, Veg = 10 Vdc) 

(I¢ = 1.0 mAdc, Voge = 10 Vdc) 

(Il¢ = 10 mAdc, Voce = 10 Vdc) 

(Il¢ = 10 mAdc, Voce = 10 Vdc, Ta = -55°C) 
(Il¢ = 150 mAdc, Voge = 10 Vdc) (Note 1) 
(Ic = 150 mAdc, Vce = 1.0 Vdc) (Note 1) 
(Il¢ = 500 mAdc, Vcg = 10 Vdc) (Note 1) 


Collector - Emitter Saturation Voltage (Note 1) 
(I¢ = 150 mAde, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


Base -Emitter Saturation Voltage (Note 1) 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 


SMALL- SIGNAL CHARACTERISTICS 


VcE(sat) 


VBE (sat) 









































Current- Gain - Bandwidth Product (Note 2) fr MHz 
(I¢ = 20 mAdc, Vce = 20 Vdc, f = 100 MHz)C 300 - 

Output Capacitance Cobo pF 
(Vcp = 10 Vdc, Ie = 0, f = 1.0 MHz) - 8.0 

Input Capacitance Cibo pF 
(Veg = 0.5 Vde, Ic = 0, f = 1.0 MHz) - 25 

Input Impedance Nie kQ 
(Ic = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 2.0 8.0 
(Ic = 10 mAde, Vcog = 10 Vde, f = 1.0 kHz) 0.25 1.25 

Voltage Feedback Ratio re X 10-4 
(I¢ = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) - 8.0 
(I¢ = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) - 4.0 

Small-Signal Current Gain Nie - 
(I¢ = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 50 300 
(Il¢ = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 75 375 

Output Admittance Noe uMhos 
(I¢ = 1.0 mAdc, Vce = 10 Vde, f = 1.0 kHz) 5.0 35 
(I¢ = 10 mAdc, Vce = 10 Vdc, f = 1.0 kHz) 25 200 

Collector Base Time Constant rb’C, ps 
(le = 20 mAdc, Vcg = 20 Vac, f = 31.8 MHz) - 150 

Noise Figure Ne dB 
(Ic = 100 wAde, Voce = 10 Vde, Rg = 1.0 k, f = 1.0 kHz) - 4.0 





1. Pulse Test: Pulse Width < 300 us, Duty Cycle < 2.0%. 
2. fr is defined as the frequency at which |h;,| extrapolates to unity. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued) 


SWITCHING CHARACTERISTICS 














Delay Time (Vcc = 30 Vde, Veer) = -2.0 Vde, 

Rise Time Ic = 150 mAdc, Igy = 15 mAdc) (Figure 1) 

Storage Time (Vcc = 30 Vdc, Io = 150 mAdc, ts - 225 ns 
Fall Time lpi = IB =15 mAdc) (Figure 2) ty as 60 ns 











>| ke 1.010 100 us, 500 —>| be 1.010 100s, 06 


+16V DUTY CYCLE ~ 2.0% H16V DUTY CYCLE = 2.0% 





—% <2ns <10 pF en 


= Scope rise time < 4ns 
*Total shunt capacitance of test jig, 
connectors, and oscilloscope. 


Figure 1. Turn-On Time Figure 2. Turn-Off Time 


1000 


700 
500 Ty = 125°C 
























































loo 25°C —4s+—SSsoqrr=- L 


Ly 























-55°C 
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OF = 10 
20 ee —— — VE = 10V 



































































































































0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 7.0 10 20 =—30 50 70 100 200 300 500 700 1.0k 
Ic, COLLECTOR CURRENT (mA) 


Figure 3. DC Current Gain 
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t, TIME (ns) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NF, NOISE FIGURE (dB) 


P2N2222A 
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0.2 
0 
0.005 0.01 0.02 0.03 0.05 0.1 0.2 0.3 0.5 1.0 2.0 3.0 5.0 10 20 ~=30 50 
Ip, BASE CURRENT (mA) 
Figure 4. Collector Saturation Region 
200 — 500 
Ic/lg = 10 4 Vcc = 30V 4 
100 T; = 25°C 4 300 ; Icllg = 10 | 
70 200 Yeats - 1/8 ty Ip1 = Igo 
50 tr @ Voc = 30V Ty=25°C 7 
ty@ VEB(off =20V 400 
30 ty @ VeB(or = z 
2 70 ; 
f 
20 = 50 
ke 
10 a 30 
7.0 20 
5.0 
10 
3.0 7.0 
2.0 5.0 
5.0 7.0 10 20 30 50 70 100 200 300 500 5.0 7.0 10 20 30 50 70 100 200 300 500 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 5. Turn-On Time Figure 6. Turn-Off Time 
10 {0 ma 
Rg = OPTIMUM f=1.0 kHz 
x0 L Ig = 1.0 mA, Rg = 150 Q SOURCE Si I | 
[Tt 500 uA, Rg = 200 Q RESISTANCE Pai Io =50 UA 
100 1A, Rg = 2.0 kQ S 100 yA 
6.0 50 uA, Rg = 4.0 kQ fs 6.0 500 uA / 
LL 
a 
4.0 Fost 4.0 
=a 
uw 
=a 
2.0 2.0 
0 0 
0.01 0.02 0.0501 02 05 10 20 50 10 20 50 100 50 100 200 500 1.0k 20k 50k 10k 20k 50k 100k 


f, FREQUENCY (kHz) 


Figure 7. Frequency Effects 


Rs, SOURCE RESISTANCE (OHMS) 


Figure 8. Source Resistance Effects 
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Figure 9. Capacitances Figure 10. Current-Gain Bandwidth Product 
1.0 +0.5 
Ty = 25°C 
0.8 0 Reve for VE (sat) 
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= 06 = 
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Ic, COLLECTOR CURRENT (mA) 


Figure 11. “On” Voltages 
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Ic, COLLECTOR CURRENT (mA) 


Figure 12. Temperature Coefficients 
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PACKAGE DIMENSIONS 


TO-92 (TO-226) 






















































































CASE 29-11 
ISSUE AM 
A NOTES: 
>) ra -B STRAIGHT LEAD 1. DIMENSIONING AND TOLERANCING PER ANSI 
BULK PACK Y14.5M, 1982. 
| 2. CONTROLLING DIMENSION: INCH. 
R 3. CONTOUR OF PACKAGE BEYOND DIMENSION R 
IS UNCONTROLLED. 
4, LEAD DIMENSION IS UNCONTROLLED IN P AND 
BEYOND DIMENSION K MINIMUM. 
SEATING INCHES MILLIMETERS 
PLANE — pim{ MIN [ MAX | MIN | MAX 
A | 0.175 | 0.205 [ 4.45 | 5.20 
B | 0.170 [ 0.210 | 4.32 | 5.33 
c | 0.125 | 0165 | 348 | 4.19 
D [ oote | 0.021 [ 0.407 | 0.533 
D G | 0.045 | 0.055 | 1.15 [1.39 
H [0.095 | 0.105 [ 242 [ 266 
J | 0.015 [0.020 | 0.39 | 0.50 
Q J K | 0500 | --- | 12.70 | --- 
L [0250 | --- [ 635 [ --- 
N [0.080 | 0.105 [ 204 [ 266 
P| --- [ot0o0 | --- | 254 
SECTION X-X R | oss |} --- | 293) --- 
v [0135 | --- [ 343 | --- 
N 
A NOTES: 
R *| ia -B BENT LEAD 1. DIMENSIONING AND TOLERANCING PER 




















— 'U 




















ASME Y14.5M, 1994. 
A TARE Eee 2. CONTROLLING DIMENSION: MILLIMETERS. 
AMMO PACK 3. CONTOUR OF PACKAGE BEYOND 
DIMENSION R IS UNCONTROLLED. 
I 4. LEAD DIMENSION IS UNCONTROLLED IN P 
AND BEYOND DIMENSION K MINIMUM. 
z 
SEATING K MILLIMETERS 
PLANE MIN. | MAX 
4.45 | 5.20 
4.32 | 5.33 
SS 3.18 | 4.19 
0.40 | 0.54 









































DIM 
A 
B 
C 
D 
X|X 7 G | 240 [| 280 
G J | 039 | 0.50 
Q J K | i270 | --- 
N | 204 | 2.66 
= Vi Cc i P| 150 | 4.00 
R | 293 | --- 
SECTION X-X v [| 343 [| --- 
N 
STYLE 17: 
PIN 4. COLLECTOR 
2. BASE 
3, EMITTER 
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